SUMMARY Synovial tissue from 3 patients with villonodular synovitis has been examined by quantitative cytochemistry. Considerable changes in the metabolism of the synoviocytes have been observed. These included a massive rise in the activity of glucose 6-phosphate dehydrogenase to levels even greater than those found in rheumatoid arthritis, and a significant rise in the activity of 2 glycolytic enzymes, glyceraldehyde 3-phosphate and lactate dehydrogenase. Lysosomal napthhylamidase showed raised activity with no latency. The sulphydryl content in the synoviocytes was raised, as was the amount of available phospholipid. This pattern of metabolic alterations is similar to that found in human rheumatoid synoviocytes.
Even in a tissue composed of many cell types, such as rheumatoid synovial tissue, it is possible to measure the biochemical activity of each cell type specifically by means of quantitative cytochemistry. By such procedures apparently characteristic alterations in the metabolism of rheumatoid synoviocytes have been recorded Henderson et al., 1978a Henderson et al., , b, 1979 . During these studies on the metabolic activity of the synovial lining cells biopsies were obtained from 3 patients with unequivocal villonodular synovitis. Since this is a relatively rare condition (Jaffe et al., 1941; Byers et al., 1968) , the aetiology of which is not established, some aspects of the metabolic activity of the synovial lining cells in these specimens have been investigated. Clinical details villonodular synovitis was diagnosed, and this was confirmed histologically on biopsy. An attempt was made to treat the condition by the instillation of 5 mC of 90yttrium, but after some amelioration of symptoms for 6 weeks there was a recurrence of swelling and pain of the right knee.
Case 3 (specimen 2055). Female, aged 31. Partial synovectomy of the left knee in 1966, after which the swelling recurred. Synovectomy in 1977, at which the specimen was taken. Through a medial parapatellar incision blood-stained fluid was found. There was gross involvement of the whole of the synovial membrane with pigmented villonodular proliferation. Both femoral and tibial joint surfaces were discoloured and eroded, as was the patella. Both menisci were degenerate.
Materials and methods
Case 1 (specimen 1978 . To examine the histology some sections were stained with toluidine blue and others with haematoxylin and eosin.
DETECTION OF STRUCTURAL REACTIVE GROUPS
Perls's Prussian blue reaction: Sections were treated with a 1 % solution of potassium ferrocyanide (Pearse, 1968) ; ferric ions (Fe3+) in the tissue react with the ferrocyanide to produce the intensely coloured, insoluble ferric ferrocyanide (Prussian blue).
Chevremont-Frederic reaction: The principle of this method is that sulphydryl groups are such strong reducing agents that they can reduce ferricyanide [Fe(CN)]3s to ferrocyanide [Fe(CN)64W. The latter reacts with ferric ions to produce Prussian blue (as described above). This method gives a measure of the sulphur-containing amino acids which are in the reduced (-SH) state. When serial sections are treated with dithionite (a strong reducing agent) all the oxidised -SH groups, that is, the disulphide bonds (-S-S-), are reduced to the -SH state and so become reactive with ferricyanide. Thus the total amount of sulphur-containing amino acids in the section can be quantified .
Acid haematein reaction: This method is used for the demonstration of unsaturated phospholipids (Chayen, 1968 (1976) . The activity of the last two enzymes gives a measure of glycolysis.
Lysosomal naphthylamidase activity and its latency, which is a measure of the state of the lysosomal membranes, were assayed as described by Bitensky and Chayen (1977) . Results are expressed in terms of percentage bound activity, which is calculated from the expression: (total activity -free activity) x 100/total activity. The free activity is that found on incubation of sections for a given period in the substrate medium. Total activity is that found when the permeability barrier (to the entry of substrate) of the lysosomal membrane is removed. This is achieved by preincubating sections in an acidic buffer, as described by Bitensky and Chayen (1977 Glucose 6-phosphate dehydrogenase activity was remarkably high (Table 1) , being equal to, or far exceeding, the greatest activity found in rheumatoid synoviocytes. Henderson (1977) . tResults of Butcher et al. (1973) .
The total lysosomal naphthylamidase activity, measured after removal of the influence of the lysosomal membrane, was also markedly raised in the synoviocytes in these specimens (Table 2) . Almost all of this activity was manifest activity: specimens 1979 and 2055 had no measurable latent activity, and the lysosomes in the synoviocytes in specimen 1978 showed 5 % latent activity.
The activities of two glycolytic enzymes, glyceraldehyde 3-phosphate and lactate dehydrogenase, were markedly raised over those found in relatively normal synovial lining cells (Table 3) .
In the 1 specimen examined (No. 1979) all the sulphur-containing amino acids were in the reduced (-SH) state in that reduction with dithionite did not increase the reaction for sulphydryl groups. The acid haematein reaction for freely available phospholipids gave fairly strong responses in all three specimens. 
Discussion
Presumably because this disease is uncommon, no biochemical studies have been reported on the metabolism of synoviocytes in pigmented villonodular synovitis. The results in 3 cases investigated in the present study indicate that major metabolic alterations occur in these cells in this condition. Glucose 6-phosphate dehydrogenase activity was considerably raised (Table 1) , even above the values found in synoviocytes of rheumatoid synovial tissue Henderson, 1977) . Lysosomal latency (bound naphthylamidase activity) was virtually nonexistent, very much as was found by with synoviocytes of rheumatoid synovial tissue (bound activity of 1 %, range: 0-5%, n = 13 as against 44% for nonrheumatoid synoviocytes, range: 31-57%, n =-8). Total lysosomal naphthylamidase activity was markedly increased even over that found in synovial cells lining rheumatoid synovial tissue (Table 2) . This increased content of a lysosomal enzyme is in accord with these cells engulfing nondigestible matter (Dingle, 1975) . The activities of both glycolytic enzymes studied were of the levels found in rheumatoid synoviocytes, which Henderson et al. (1978b) showed to be higher than in synovial lining cells from joints free from rheumatic disease. Similarly the -SH :-S-S ratio (almost 100% sulphydryl) and the availability ofcellular phospholipids (the acid haematein reaction) were very much as have been found in rheumatoid but not nonrheumatoid synovial lining cells Henderson et al., 1978a) . Thus the metabolic behaviour of the synovial lining cells in these 3 specimens of villonodular synovitis was similar to, or exaggerated above, that found previously as typical of the synoviocytes of rheumatoid tissue.
It has been argued, for example, by , that the biochemical changes in the synoviocytes, previously considered characteristic for rheumatoid tissue, were related to the erosion of cartilage and joint destruction. There is some evidence (McMaster, 1960; Schajowicz and Blumenfeld, 1968 ) that villonodular synovitis, if left untreated for a sufficient time, can also produce such changes. Certainly in case 3 (No. 2055) both femoral and tibial joint surfaces as well as the surface of the patella were found at operation to be discoloured and eroded, and both menisci were degenerate. Moreover, there is a degree of similarity between villonodular synovitis and haemophiliac arthropathy, in which the destruction of the joint is common (Creveld et al., 1971; Mainardi et al., 1978) . Consequently the biochemical findings in these cases of villonodular synovitis are not inconsistent with the view that such changes may be associated with the degradation of joints. 
